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Final Report
The Prediction of Noise Scattered by a Blended Wing-Body/Ducted Fan Configuration

Introduction

In this proof of concept research, a computational method was developed for predicting the
sound field created by the scattering of ducted fan engine noise by a blended wing-body (BWB). It was
assumed that all acoustic processes were linear and time harmonic with excitation frequency o. Inflow
effects were neglected and no penetration boundary conditions were applied to the engine nacelle and
BWB surfaces.

A scattering approach was adopted in which the total acoustic field is written as the sum of
known incident (from the engine duct) and unknown scattered parts. We further assume that the
incident field is independent of the scattered field. Application of the above conditions to the equations
of linearized acoustics yields the Helmholtz equation (reduced wave equation) for the scattered pressure

with Neumann boundary conditions.

Research Approach and Results

An equivalent source method (ESM) was used to solve the classical Helmbholtz boundary value
problem. The ESM was chosen for its ease of implementation and computational simplicity relative to
the more accurate boundary integral or boundary element methods. See references 1-3 and attachments
1-2 of this document for ESM details. The ESM solution methodology development proceeded in four
stages.
1) 2-D Scattering: The ESM was applied to scattering of 2-D, point source generated incident sound by
simple 2-D elliptical objects. Numerical studies were designed for this simple problem so that pertinent
discretization parameters could be identified and applied to the 3-D scattering problem.
2) Simple 3-D Scattering: The 2-D ESM was extended to include the 3-D scattering of point source
generated sound by an ellipsoid. Attachment 1 contains sample results and a description of the ESM
implementation. All calculations were performed on a Pentium II 350MHz processor with 256Mb
RAM. Numerical experimentation showed that meaningful results were obtained for values of the non-
dimensional parameter o. < 250. Where o = kW, k = @/c, ¢ = ambient sound speed, W = largest spatial-
dimension of scattering body. We estimate that the maximum value of o can be doubled by employing
the latest PC technology (as of 11/99) and doubled again with advanced algorithm development.
3) Scattering of Ducted Fan Noise by BWB geometry: Using drawings of the BWB design, the BWB
planform shape was approximated by deforming and connecting several ellipsoids. This approach yields
an analytical representation of the scatterer that is simple to evaluate. Point source generated sound for
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the ESM was replaced by incident sound from a simple ducted fan model. The ducted fan noise

prediction program TBIEM3D (reference 4-5) was used to calculate the incident sound. Sample
acoustic field calculations for a 4-bladed fan were obtained. Details of the implementation and
computational results appear in attachment 2.

4) Comparison with Langley BWB Shielding Experiment: Due to discretization size limitations
discussed in stage 2 above, a direct comparison between the ESM and the experiment is impossible. We
show that shielding results obtained with the ESM agree qualitatively with the BWB measurements. To
simplify calculations we considered a smaller excitation frequency, larger duct radius, and shorter duct
length than the experiment. Incident noise was generated by a point monopole placed in the center of
the middle duct. Radiation from the outer two ducts was ignored for this set of calculations. By
considering a shorter center duct and neglecting the two outer ducts, TBIEM3D computational time is
much reduced. These factors do not influence the ESM discretization and could be included at the cost

of computational time. See table 1 below for a description of the pertinent operating parameters.

ESM Experiment"’
kR 6.0 11.5
W/R 36.7 69.4
Lp/R 20 9.74
L/W 0.49 0.51
H/W 0.14 0.084
a = kW 232 798
Table 1: Fundamental Parameters
R =ductradius Lp = center duct length W = BWB wingspan

L = BWB length (tail to nose) H = BWB maximum thickness
(*) Experimental data obtained from Clark and Gerhold

In accordance with the BWB experiment, sound pressure levels were calculated on a plane
parallel to the BWB planform and located 0.29 wingspans beneath the duct axis. Computations are
performed with and without the BWB presence. For contrast we also compute SPL’s on a plane 0.29
wingspans above the BWB. The ESM results are shown in figure 1 and clearly show the scattering
effects due to the BWB.

In figure 2, the difference in sound pressure levels between the shielding and no shielding cases
are plotted for both the upper and lower observation planes. The results in figure 2a show a shadow
region beneath the BWB that is somewhat similar in shape and magnitude to that produced by the

experiment.



It is noted that the ESM was not designed to take advantage of the symmetry present in the BWB
experiment. Doing so would approximately double the maximum attainable o. Therefore, applying
symmetry arguments and the latest PC technology to the ESM would nearly quadruple the maximum
a meeting the conditions of the BWB experiment for 1XBPF excitation frequency. For higher

harmonics, ESM computational requirements exceed PC capabilities.

Conclusions

Due to its simplicity and ease of implementation, the ESM was shown to be an effective noise
prediction tool for acoustic scattering problems. Only simple scattering bodies were considered, but the
method is applicable to arbitrary shapes. Comparison with BWB experimental results showed that the
ESM calculations are physically correct.

In essence, the ESM is an approximation to boundary integral or boundary element methods.
The computational advantages of boundary methods over finite difference and finite element methods
are significant and have been addressed in reference 5. Like any solution technique requiring
discretization, the ESM is limited to moderate values of excitation frequency and body size.

To expand the range of applicability of the ESM, the consumption of computational resources
must be reduced. Theoretical innovation is required for this purpose. For example, the use of multipole
expansions combined with boundary integral and advanced grid generation techniques might be used to
lower the number of equivalent sources required to produce the desired boundary conditions.
Furthermore, ESM algorithms are well suited for multiprocessor computing which would result in a

significant decrease in computational time.
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Figure 1: ESM Acoustic Field Calculated on Observation Planes
0.29 Wingspans Above and Below Duct Axis k=6.0 m’
a) no shielding b) BWB present
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Figure 2: Calculated Noise Difference Due to BWB  k=6.0 m’
a) lower plane  b) upper plane
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Figure 3: BWB Experimental Results — Obtained from C. Gerhold
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Attachment 1: Report on the Development of a Noise Prediction Method for a Blended Wing/Ducted
Fan Configuration
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Attachment 2: Application of the Equivalent Source Method to the Scattering of Ducted Fan Engine
Noise by a Blended Wing-Body



A3j3ue] VSVN Aq paJosuodg jue.in —_o..«cmom#

A)IsJ9A1U() uoruIWo( PO
SAsIeIS pue sONeWIAYILA Jo Judunaeda( |
P33 ], ‘T pue uunq ‘H'IN .,

R




SuoIsnPuo)) _ °

uone.ansiyuo)) ue,J pajang pue Amgmv %vcm—-wi A
POPUd{ [PPOIA 10§ suondIpald sioN (q-¢ |®

(INST) POYIdAl 22.an0g judeamby oy) jo uondidsa( |e

S

M




w_n—_:._o N u.oa.«.:.m

pue YSaJA] uonedofjo)

Apoq paey AJjesnsnode ue
Aq PaJ3jjeds S1 32anos
3SIOU dIUOWLIRY W) & Aq
P3)eIIUIS puUNnos JUIPIdU]J




"d)e[nded pue judwajdur o) ._o_n..n_m gonur SI JAISH
Y} ‘SHUIUW[I Arepunoq 1o s[eadajul L1epunoq sn jey) Isoy)

S& Yons ‘spoyjaw uondIpa.Ld [euonuIAU0I d10u 0) paseduwo))

T

"SI0 STY} ur mopjur |

Ou pue g [[eMp.aey Y} A[UO JIPISUOD IA\ *IIBLINS IOLII)XI
§19.193)€98 3Y) U0 WONIPUOI AIepuUnoq dSNode Y} AJsiyes |
0) UISOYD € SYISUAIS IDINOS *JI.IIJJBIS YY), apisut padeyd |
«$92.In0s JudfeAInba,, sjduwis Jo UonII[0d € YPIM $32.1n0S

JSNOIE Jo uoynqLISIp ddepins xd[dwrod e sadepdax ST Y L

POYISIAl 32an0g judfeamnbry oy |




| ‘Surpudd dae

SINSAI [RJUIWILIIAXI IIm .m=cmm.~m.mﬁc|mw_ Py

———

f1,l|

L

Ajddns pue as1ou aui3ud pajeipeu 121paad 0) pasn QSINAILD L Q;

‘ST 03 ynduy

RS

L

.:o-ﬁuo SI 3::: [e1pea auo Ef_ .—o:m SI vuumm
[BUON)B)OL UR) Y], ‘PO [EHUIIJWINII { = W IY) JLIIUIS | o
yorym sdjodip ferxe jurod uruuids anojy Aq pajapouw si asiou ueg

— m— - v —

‘07 = IA\ = SMIPEJ JoNp 0) PPIM GAF JO |
oney ‘[Ppou [eyuswLIddxa A3[3ue uo paseq Arpowodd gmg | @

‘uoneInSyuo,) 3 =

ueq pajon( jo w




ATQUWOAD) ULy %Hosﬁ @cm , Apo ﬂ-w _

MIIA Ipis § MIIA JuoLy

p L I B . SR o MIIA 0:—:—&@
,h,,,Bom>nch . _,







[9A97] 9ANSSAAJ PUNOg JO SUB[J [EIUOZLIOH - S NSNY wﬂm.—atwow a-<

S

dilpyw =y ¢ =9l
00=IN p=UW




| ‘sunnduod 10ss3501d-nnu 10§ pIjNS [[9M e swyLiode WS | o

'syurod uonedroqod pue
32.IN0S JO UOI)BIO] PUE JIqUINU Y} 0} JAPISUIS ST JANSTH YL | @

00T > A\ &inuenb sso[uorsudWIp 3Y) Jo sanjeA 10j
dqeute)je aae s, )J suisn suondipaad asiou NSH q-€ ‘prdey

.“-8.......&9 AqpednsAyd aq oy aeadde
SJ|NS.I SULII)IRIS ‘PIdLJ TJS Ul SUOIFII MOPRYS PIAIISQO 0} an(q

SUOISN[IU0))




